Introduction
Specialized economic literature has analyzed the relevance of scientific and technological knowledge generated in universities that contributes to the technological, economic and social development of countries Libecap, 2005; Yusuf and Nabeshima, 2007) . Specific influence has been placed on the study of knowledge flows between academia and companies (Agrawall, 2001; Jaffe and Trajtenberg, 2002) . Furthermore, countries have incorporated regulations aimed at fostering innovation in universities and promoting the transfer of technology to the productive sector (Mowery, Nelson, Sampat and Ziedonis, 2004; Henderson, Jaffe and Trajtenberg, 1998) , with the active participation of government (Etzkowitz and Leydersdorff, 1995 1 ).
Diverse empirical studies, especially in industrialized countries (Foray, 2007; Wolfe, 2007) and some developing countries (Zuniga, 2011) have opened the way to understanding the different factors that are involved in the processes of innovation in universities and institutions, as well as the circumstances that favor inventors to create new technological ideas (Gay, Lathan, and Le Bas, 2005; Lissoni, Pezzoni, Poti and Romagnosi, 2013) . Several of them have focused their studies on the analysis of patents, revisiting the tradition of economists like Schmookler (1962) , Griliches (1984) , Jaffe, Trajtenberg and Henderson (1993) and Jaffe and Trajtenberg (2002) . The different methodological proposals show great potential for explaining the different specific phenomenon through the use of data contained in patents. There has been growing concern in Mexico to study the contribution of academics and the transfer of technology (De Gortari, 1996) , the interaction channels between universities and industry (Dutrénit, De Fuentes and Torrres, 2010) and, in particular, using patents, on the management of university patents (Calderón, 2013) ; regarding the factors that explain the university-company link (Guzmán, Acatitla and Vázquez, 2015) . However, it is worth putting inventors and what explains their propensity for invention under the microscope (Stezano and Millán, 2014) . In this case we limit ourselves to the researchers of the National System of Researchers (Sistema Nacional de Investigadores, SNI for its acronym in Spanish) that are affiliated with the universities and institutes of Mexico. After estimating the propensity of investigators to be inventors of patents of advanced education and research institutions of Mexico, it is argued that the contribution of this work lies in the identification of the factors that are associated with this propensity and the estimation of the magnitude of the effects for the purpose of proposing scientific and technological policies that will help boost the inventive potential of researchers. This was possible through the two econometric models proposed, using micro-data from patents, and information from the researchers and institutions in the framework of the theoretical and empirical literature of the knowledge and innovation economy, particularly that relative to university inventors-researchers.
The overall objective of this research is twofold. First, estimate the probability of the participation of researchers of the National System of Researchers (SNI for its acronym in Spanish) of Mexico in the inventions patented by the universities and institutes they are affiliated with over the period of 1980 -2013 , analyze the factors that influence this propensity.
We ask ourselves: What is the probability of SNI researchers becoming inventors in the institutions they are affiliated with? And what factors related to the individual, the institution and the nature of the innovation influence the propensity of researchers to develop inventions patented by their institutions? Which factors have influence on the productivity of academic inventors?
The hypothesis that we set out is that the probability of SNI researchers becoming inventors of patents for universities or research institutions is still low, although it is higher in institutions with a patenting pathway. Such propensity is expected to be influenced by the following factors: i) the individuals (age, gender, professional specialization, SNI level); ii) the institutional (size of the institution, number of doctorate programs in the National Postgraduate Quality Program 2 and regulation of intellectual property) and, iii) the elements that characterize the inventive activity performed (size of the inventor team, accumulation of technological knowledge, academiaization of technology. The Triple Helix approach studies how to organize university-government-industry relations, (Etzkowitz and Leydersdorff, 1995) .
2 PNPC for its acronym in Spanish, Programa Nacional de Posgrado de Calidad.
industry links, the importance of the invention, number of novelties generated, technological scope and technological collaboration with other institutions or firms). Furthermore, the productivity of academic inventors is expected to be associated positively with: the age, the level of SNI researcher, the number of doctorate programs in the National Postgraduate Quality Program in the academic inventor's institution, the accumulation of technological knowledge, the collaboration with other institutions or firms, accumulation of technological knowledge and invention scope, and, negatively with the researcher's square age. The paper is presented in six sections. The second section discusses the relevant theoretical and empirical findings concerning inventors and academic patents. The third section describes the university researchers that are members of the SNI and the patented inventive activity in the United States Patent and Trademark Office (USPTO), in the framework of advanced education and research institutions of Mexico, the National System of Researchers of the National Science & Technology Council (CONACYT). Section four will develop an empirical study that seeks to validate the research hypothesis about factors affecting propensity of academic researchers to become inventors, specifying sources of data, the econometric models proposes and analyzing the results. Section five will extend the empirical study to test the hypothesis about the factors associated to the productivity of academic inventors. Conclusions will be presented in section six.
Theoretical background
The growing demand for universities to participate in the generation of patents has aroused an important debate, given that despite the possible benefits; there are also significant potential costs (Jaffe and Lerner, 2007; WIPO, 2011) . Although the debate remains open, the data shows increased growth in academic patents in both developed and emerging countries alike. Moreover, both types of countries are undergoing legislative changes in order to favor the patenting of new technological knowledge generated in universities and research institutes, and generally, to foster the transfer of technological breakthroughs to the productive fabric.
Although patents represent just one part of the transfer mechanisms, licensing is a relevant instrument for innovation in specific contexts, such as in the life sciences area (Colyvas et al., 2002) . Despite the limitations of using patents as an indicator, 3 there are cases where the research is conducted in a university, but the rights are requested by other individuals or legal entities, whether these be the very academic inventors or companies that hold the patents. This idea gives rise to research that suggests the importance of conducting an analysis of university patents using the inventor as the unit of study (Balconi, Breschi and Lissoni, 2004; Montobio, 2008 and Carayol, 2007) .
Academic inventors
In this investigation we define academic inventor as a scientist who appears as an inventor on a patent that is held by a university, an institute of advanced education (institución de educación superior, IES for its acronym in Spanish) or public research institution (institución pública de investigación, IPI for its acronym in Spanish) who is also affiliated with this institution. According to Lissoni (2012) and Dornbusch, Schmoch, Schulze and Bethke (2013) , this concept is used on studies on academic patents, industrial property and governance models in universities and research institutions.
In terms of industrial property laws, university rules and regulations on transfer of technology can provide academic researchers with a strong incentive to look for possible practical applications for their work. 4 In this sense, another key distinction is the autonomous nature of institutions that implies self-governance regarding rules and regulations, curricular contents, budget usage and management.
From an origin of knowledge perspective, the unit of analysis is the academic inventor who is the origin of the invention in terms of their personal characteristics. Scientists are faced with the choice of problems, and this choice depends on incentives such as material reward, social prestige or intellectual satisfaction. Even though the literature on patents highlights the importance of the analysis of institutional and organizational aspects that foster the generation of patents, it is important to know researchers' motivations for taking part in the inventive activities of institutions.
The increase in studies on the generation of patents have increased using studies on American universities as background (e.g. Azagra-Caro, Carayol 2007; Henderson, Jaffe and Trajtenberg, 1998; Mowery, Sampat and Ziedonis, 2002; Mowery and Sampat, 2006) highlight certain elements that influence the transfer of technology, such as the institutional characteristics of universities, the resources set aside for R&D, the rules and regulations on matters of industrial property between university and researchers, support structures like Technology Transfer Offices (TTO) and environmental characteristics. Despite significant evidence, it should be noted that the phenomenon is not homogeneous by country or sector (Henderson, Jaffe and Trajtenberg, 1998; Geuna and Nesta, 2006; Zeebroeck, Van Pottelsberghe and Guellec, 2008) . Henderson, Jaffe and Trajtenberg (1998) , who compared university patents with a sample of U.S. industrial patents, carried out one of the precursory works. The authors pointed out three factors to explain the development of university patents: the legal framework, a consequence of the legislative amendments that allowed universities to file patent applications; the increase in private funding to support research, and the growth of intermediary innovation bodies.
University rules and regulations on the transfer of technology can provide academics with a strong incentive to search for industrial applications for their research results. The analysis documents on the Bayh-Dole Act in the United States show that universities that assign personnel a greater proportion of royalty income generate a higher number of patents and licensing revenues. Lach and Shankerman (2008) , emphasize that the agreements for the assignment of royalties vary substantially and are related with the characteristics observed in universities, such as the size of the academic staff, quality, financing of research, the technological knowledge of the investigative body and characteristics of the TTO. Likewise in the analyses of European countries (e.g. Baldini, 2006) , certain characteristics of universities have a significant influence on the generation of patents that can be even more relevant than the forms of intellectual property regulation.
There are different studies that characterize inventors and analyze how different variables influence their inventive activity. Age is one of the factors that stand out to explain great scientific output or how it is linked to scientific genius (Jones, Reedy and Weinberg, 2014) . In addition to this, other investigations include: gender, education, the inventor's motivations for inventing, labor mobility, and education level (Giuri, et al. 2006; Walsh and Nagaoka, 2009 ). Special emphasis is also placed on the academic networks of individuals, which favor the geographical extension of the spread of knowledge (Fleming and Frenken, 2006; Giuri et al. 2007 ). Added to the profile, motivations and mobility of inventors is their inventive performance (Walsh and Nagaoka, 2009 ). The characterization of great inventors also considers formal education, patent registrations, their career in the industry and degree of specialization (Khan). It is also possible to find some studies aimed at analyzing the attitudes and behavior of university academic inventors (Baldini, Grimaldi and Sobrero, 2005) .
University researchers and inventive activity patented by universities in Mexico
This investigation considers the researchers-inventors of the National System of Researchers of the National Science & Technology Council (CONACYT) 5 of patents granted to universities or research institutes by the USPTO.
The SNI confers the national researcher honor to those who excel in their research activity in different scientific disciplines. SNI researchers are distributed among institutes of advanced education, public research centers (centros públicos de investigación, CPI), governmental agencies and companies. Public universities have the highest number of researchers; therefore, as of 2014, 71% of SNI researchers are found in IES. In 1984, the SNI had 1,396 researchers (men: 82% and women: 18%). After almost thirty years, the number of researchers has increased to 19,655 researchers (men: 66% and women: 34%) in 2013, which is an average annual increase of 9.2% (CONACYT, 2014) .
Regarding the distribution of SNI researchers according to academic area, in 2002, of the 7,982 SNI researchers, 20.1% belonged to the Physics-mathematics area, 17.8% to the Biology area, 17% to Humanities and 12.4% to Engineering. The areas with the highest percentage of SNI researchers were social sciences, Biotechnology and Medicine with 11.5%, 10.7%, and 10.5%, respectively. In 2013, the areas of Biology and Medicine remained without significant changes with 17% and 10.3%, respectively. In comparison, however, the Social Sciences, Biotechnology and Engineering areas increased their participation to 15.2%, 11.8%, and 14.8%, respectively.
In 1984, the average age of SNI researchers was 40 years and remained relatively constant until 1992. As of 1993, a slow but sustained increase in average age was observed, remaining relatively constant once more as of 2004. In 2010, the average age of SNI researchers was 49 years. Thus, the average age of SNI researchers has increased by almost a decade over the last 25 years.
The SNI considers patents to be a valuable academic product, and as such, have a positive influence on researcher evaluation. Of the 959 patents granted to Mexican holders by the USPTO between 1980 and 2013, 143 correspond to universities and Mexican institutions, that is, 14.9%, with an average annual increase of 9.5%. 5 The Conacyt is a decentralized public body of the Federal Public Administration created in 1979 to implement policies and programs to promote scientific research and academic enrichment. Its objective is to consolidate a science and technology system that responds to the country's priority demands, provides a solution to the specific problems and needs, and contributes to elevate the population's well-being and quality of life. Conacyt prioritizes its efforts to support universities and public research centers, and the academics affiliated with them (OMPI, 2000) . 6 Nevertheless, the low level of patents granted to Mexico, if compared with industrialized countries and even emerging Asian countries, between 1980 and 2013, the patents granted registered average annual growth of 8%.
At least one SNI researcher was involved in ninety-one of the one hundred forty-three patents (63.64%) in the areas of 1) Physics-mathematics and Earth Sciences; 2) Biology and Chemistry; 3) Medicine and Health Sciences; 6) Biotechnology and Agricultural Sciences; and 7) Engineering 7 . No SNI researcher from any of the same areas took part in the remaining fiftytwo patents (36.36%). When the classification is performed according to university and institute, we find that the involvement of at least one SNI researcher in patents granted by the USPTO was: 20 of 25 granted to the Mexican Petroleum Institute (Instituto Mexicano del Petróleo, -IMP-), 17 of 22 granted to the Autonomous University of Mexico (Universidad Nacional Autónoma de México, -UNAM-); 17 of 19 granted to the Center for Research and Advanced Studies (Centro de Investigación y de Estudios Avanzados, -CINVESTAV-), whereas 12 of the SNI researchers patented in a different university or institute to the one they were affiliated with in 2013.
In terms of the size of the research team, 2.2% of the 91 patents that involved SNI researchers, the patented invention was developed individually, 72.5% of the patents were the result of a team of 2 to 5 researchers/inventors and in 25.3% of the patents, the research team was made up of more than 5 researchers.
At least one SNI researcher took part in 32 of the 48 patents corresponding to Chemistry; in 31 of the 47 patents for Medications and medicine; and in 13 of 24 patents granted in Mechanics.
Inventors as members of the National System of Researchers
From the 143 patents granted by the USPTO to universities and institutes in Mexico, 75% correspond to universities and 25% to research institutes. A total of 332 inventors were identified in this collection of 143 patents. 8 The analysis of the individual characteristics of inventors has been supplemented with the database on active researchers in the SNI during 2013. Information was used on researchers registered in the areas that were considered highly likely to patent: 1) Physics-mathematics and Earth Sciences; 2) Biology and Chemistry; 3) Medicine and Health Sciences; 6) Biotechnology and Agricultural Sciences; and 7) Engineering. Cross-referencing the names of inventors of the USPTO with researchers of the CONACYT revealed coincidences in 113 cases. These researchers form part of the core of our research as they have at least one patent in the USPTO. Below we look at some of the characteristics related to this group of researchers.
Of the 113 inventors who are SNI researchers, 27% belong to Level I (30 researchers), 36% to Level II (41 researchers), 36% to Level III (41 researchers) and 1% is classified as Candidate (1 researcher). Of the 113 researchers, 97% hold a Doctorate (110 researchers) and only 3% (3 researchers) have a Master's Degree.
As regards to gender, male researchers predominate (90 researchers) over female researchers (23 researchers); in other words, 80% are men and 20% are women. 7 The analysis of the participation of SNI researchers in the 143 patents granted by the USPTO to Mexican universities and institutes is performed for researchers who belong to areas 1, 2, 3, 6 and 7.
8 Five universities and institutes stand out for having the highest number of patents granted by the USPTO. In first place is the Mexican Petroleum Institute with 25 patents. This is followed by the UNAM with 22 patents. Regarding the state of the Republic where researchers have their affiliation, half of the researchers are in some university or institution located in Mexico City (57 researchers), 13% in Morelos (15 researchers), 9% in Nuevo León (10 researchers) and 28% in 10 other states of the Republic 9 . Concerning the seniority in the SNI, it is worth noting that 19% of researchers have 26 years of seniority in the SNI. The seniority of the remaining researchers is highly diverse and follows no clear pattern. The average seniority of the 113 SNI researchers-inventors affiliated with universities or institutes is 18 years.
As for the classification of researchers by area of investigation, 45 researchers belong to the Engineering area (40%), 30 researchers to Biology (27%), 16 researchers to Biotechnology (14%), 13 researchers to Physics-mathematics (12%), and 9 researchers to the area of Medicine and Health Sciences (8%).
According to the academic field of study, 40% (46 researchers) belong to the field of Technological Sciences, 25% (28 researchers) to the field of Life Sciences, 11% (13 researchers) to the field of Physics, and 10% (11 researchers) to the field of Chemistry. The remaining researchers belong to the fields of Medicine and Human Pathology (6%, 7 researchers), Agricultural and Veterinary Sciences (5%, 6 researchers), Health Sciences (1%, 1 researcher), and finally Earth and Cosmic Sciences (1%, 1 researcher).
The average age of the 113 researchers is 56 years. Furthermore, the average age of SNI researchers is 45 years. The inventors who apply for the most patents are between the ages of 42 and 49 years.
As regards to the distribution of the number of patents in the USPTO where an SNI researcher appears, 74 of the 113 researchers have only one patent in the USPTO. In other sectors, 16 researchers have only two patents, and 9 researchers have three patents. Worth noting is the fact that 2 researchers have 7 patents and 1 researcher has 8 patents granted by USPTO. The average number of patents per researcher is 2 patents.
In respect to the institution of affiliation, three institutions concentrate the highest percentages of the researchers. A little more than a quarter (29 researchers) are affiliated with the Mexican Petroleum Institute (IMP); almost another quarter part (27 researchers) to the UNAM, and 14% (16 researchers Concerning the SNI researchers by institution: the UNAM stands out with 2,680, the CINVESTAV with 687, and the Autonomous Metropolitan University (Universidad Autónoma Metropolitana) with.
The variable propensity for researchers to be inventors in a university or research institute patent is estimated through the probability of academics being inventors in academic patents, as a proxy variable.
10 This probability is expressed as: P(A) = the number of events A / the number of events Ω Where: A = the number of SNI inventors-researchers from areas 1, 2, 3, 4 and 7 in 2013 that are also inventors in patents of Mexican institutions granted by the USPTO during the period 1980-2013 and Ω = the total number of SNI researchers in 2013 of each institution. This probability can be expressed in values between [0, 1] In order to test the first hypothesis of this investigation which states that the probability of SNI researchers to participate in inventions patented by their institutions is small, we used information on the total number of active researchers in the SNI in the areas considered likely to patent (areas 1, 2, 3, 6, 7), which gives a total sum of 14,821 researchers. We also used the information of the 113 inventors and SNI researchers that were identified in patents granted to Mexican universities and institutes. The probability of finding an SNI researcher among the inventors of a patent granted by the USPTO to a Mexican university or institute is 0.76%. The propensity of the Mexican Petroleum Institute, however, is 17%; the CINVESTAV 2% and the UNAM 1% (see table 1). 
Which factors explain the propensity of academic researchers to become inventors of university patents?
Once confirmed that the Mexican SNI academic researchers propensity of being inventors of novelties patented by their institutions is still low, we follow to test our hypothesis set out in the sense that this propensity grows when they belong to institutions with an intellectual property regulation and also it is associated with: the researcher's age and its SNI level, as personal factors; the institution size and the number of PhD programs approved by CONACYT quality control, as institutional factors; finally, the importance of the invention, the novelty activity and the technological amplitude, as factors of the research nature.
In order to analyze which factors are contributing to the propensity of academic researchers to become inventors of institutional patents we propose two econometric models taking into account Schumpeterian framework and the previous empirical studies contributions. The first one is considering the personal and institutional factors; the second one is build with the USPTO patents micro-data granted to Mexican institutions to find out how innovation nature elements are affecting this propensity.
Methodology

First econometric model
In order to analyze which individual and institutional factors have influence into the propensity of academic researcher to become inventors we propose a least mean squares (LMS) model, taking into account variables tested by other studies and also with new variables.
Data sources
Our research is focused on the individual and institutional of 113 SNI's researchers from areas 1, 2, 3, 4 and 7 in 2013, identified as inventors in the universe of USPTO patents granted to Mexican universities during 1980 Mexican universities during -2013 The full model is expressed as follows:
We set up a linear model relating the terms in the full model to a function of explanatory variables.
Where: pip = propensity or probability of SNI's academic researchers to become inventors in patents of their universities or research institutions. It is the dependent variable. β 0 = constant; x 1 = individual researchers-inventors factors; x 2 = institutional factors, and u = mean square error
The dependent variable (pip). The variable propensity for Mexican SNI's researchers to become inventors in patents which owns to an university or a research institute (pip) is estimated through the probability of academics of being inventors in academic patents, as a proxy variable 11 . We found out likelihood from 0.0070 as minimum and 0.0559 as maximum. 
Independent variables. x 1 = individual researchers-inventors factors
The independent variables used in order to measure the influence of individual factors are: i) sni_2013: the researcher's productivity, where the SNI level of academic researchers is the proxy variable. As a researcher achieves more scientific articles or/and books published, PhD graduates directed, patents or design models, among other outcomes, he increases his productivity and therefore he could obtain in ascendant a SNI level. (Huber, 2001; Rodeiro, Fernández, Rodríguez y Otero, 2012; Aceytuno y Sánchez, 2014; Calderón, 2013) . The distribution of SNI researchers level is relatively similar: 27% SNI level 1; 36% SNI level 2 and, 36% SNI level 3 (Conacyt, 2013) .
ii) age_average: the age average of the researchers-inventors linked to the probability to become an inventor (Giuri, et al. 2006; Walsh and Nagaoka, 2009 and Jones, Reedy and Weinberg, 2014) .
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iii) Square age: the age linked to the productivity factors. The researcher-inventor age square is the proxy variable. We suppose that the productivity of younger researchers is decreasing and positive and in the researcher more aged, the productive is also decreasing but negative (Aceytuno y Sánchez, 2014) , and iv) res_team_mixed: the research team mixed of women and men researchers-inventors has the possibility of interact the different capabilities according to gender (Morales y Sifontes, 2011; Aceytuno y Sánchez, 2014). As the research team will be mixed of men and women researchers-inventors as higher will be the pip.
Independent variables. x 2 = institutional factors
The independent variables used in order to measure the influence of institutional factors are: i) prop_pat_U&RI: the university and research institutes propensity to patent where each researcher-inventor works. This numerical variable suggests the capabilities of each university to patent associated to the institutional incentives to foster the inventive potential among their researchers, including the IP strength regulation. The scale of this propensity goes from 0.0032 to 0.1706 that shows the important heterogeneity among the universities.
ii) tto: technology transfer office indicates if the university or research institutes has this kind of office which allow for commercializing patents through licenses or for having a joint agreement with firms to develop a new product or process (Rodeiro, Fernández, Rodríguez y Otero, 2012) . It is a dummy variable;
iii) PhD prog_pnpc: number of PhD programs of each institutions in the 1,2,3,4, and 7 areas recognized by Conacyt by their academic quality recognized by the Padrón Nacional de Posgrados de Calidad de Conacyt -PNCP-(Quality Mexican Group of PhD). It suggest the potential of PhD to develop academic research an new scientific and technological knowledge and therefore increase de pip (Calderón y García-Quevedo 2012; Calderón, 2013) , and iv) inst_size: size of the institute measured by the total number of SNI researchers in each university or research institution. It suggests that research capabilities and quality level to be develop by these researchers. Numerical variable. (Rodeiro, Fernández, Rodríguez y Otero, 2012; Calderón y García-Quevedo, 2012; Calderón, 2013) . By considering the previous explanation, the specification of the model is expressed as follows:
Outcomes
The findings of our estimations confirm partially the hypothesis in the sense that individual and institutional factors proposed have a positive influence on the pip. Every independent individual variable has a significant impact: the researcher's productivity (SNI _2013), as its coefficient 0.003 shows; the age average of the researchers-inventors linked to the probability to become an inventor (age_average); the age linked to the productivity factors (square_age), except research team mixed of women and men (res_team_mixed), which has not.
Concerning SNI_2013, it seems we confirm what others authors have found about that the researcher productivity increases as he participates as inventors of university's patents (Rodeiro, Fernández, Rodríguez y Otero, 2012; Calderón, 2013 ).
As we expected, the coefficient of age_average has a positive effect and that one of the square age has a negative influence on the dependent variable. In that sense, we confirm that on the middle age of the researchers-inventors will have more propensity to become inventor than in younger or older age, although the middle age can differ according the diverse studies. We found that at 50.11 years old of the SNI researcher-inventor is the age more creative. This result coincides with Aceytuno y Sánchez (2014) and Jones, Reddy and Weinberg (2014) and which study the age and scientific genius, but it differs with others by considering some arguments. Adams (1946) finds that " … the peak age varies between 37 and 47 years old, depending on the scientific discipline, and argues that disciplines that emphasize mathematical deductive reasoning tend to display younger peak ages of great achievement (cited in Jones, Reddy and Weinberg, 2014: 13) . Analyzing the Nobel laureates in Economics, Weinberg and Galenson (2005) identify that "the most conceptual laureate did his most important work at 32.5 years of age compared to 53.2 for the most experimental, a difference of 20.7 years (cited in Jones, Reddy and Weinberg, 2014: 22) . Perhaps this could be compared with the scientific researchers and technological researchers. The studies about the age of scientific researchers and their productivity also confirm the same tendency. Older the researcher will be his creativity will be diminishing.
As the outcomes shows, the research team mixt variable has not a statistical significance. It could be probably associated to the fact that most part of the research teams are integrated jointly by women and men and therefore, there is a complementarity capabilities in the research teams (Morales and Sifontes, 2011) . We have tested alternatively the gender variable in a separate model from the research team because they are both highly correlated. The gender variable appears with less significance than research team mixt and it detracts prediction to the model.
With respect to the institutional variables considered, we have found that prop_pat_U&RI, PhD_prog_pnpc and inst_size affect positively to the propensity of SNI researchers to become inventors, while the variable, technology transfer office (tto) has not influence in the pip.
Concerning the university and research institutes propensity to patent where each researcherinventor works (prop_pat_U&RI), its coefficient is 0.063. This variable accounts for recognizing the involvement of researchers in the technological knowledge development process in the universities or research institutions. Specially, it becomes crucial to take advantage of the knowledge potentiality of SNI researchers to develop new technological process or products, which would have an impact in the productivity and economic performance.
The number of PhD programs of each institution in five scientific areas recognized by Conacyt by their academic quality (PhD_prog_pnpc) affect positively on the pip and it is significant at 95%. Nevertheless the small effect, the PhD prog_pncp variable is a right indicator of the institution capabilities to develop research and invention activities.
In turn, the coefficient of the size_inst variable, in terms of number of SNI researches in each university or research, implies that higher is the SNI researchers in the institution will be a positive propensity of the researcher to become inventor. Therefore, the size of the institution seems to have a positive effect on the pip. Accounting the database of this research, we identify research teams clearly defined. Basically, SNI researchers integrate the research teams; many of them are participating more than one time. To foster the incorporation of more researchers to the SNI in each institution could create more researchers teams involved in the inventive activity. The inst_size variable is significant at 90%.
In opposite, the variable, technology transfer office (tto) has not a positive influence in the pip. Probably, it could be explained by the absence of technological transfer office in various institutions. As we have seen in the theoretical background, the presence of this kind of institution could incentivize the propensity of researchers to become inventors, as their inventions patented could be transfer or licensed to the industrial sector. Table 5 . Outcomes of individual and institutional factors affecting propensity of academic researchers to become inventors model
Second econometric model: factors of nature of innovation
As we have seen above, we propose a second model with the micro-data base of the USPTO patents granted to Mexican universities and research institutions in order to test the hypothesis in the sense that the size of the inventor team, the accumulation of technological knowledge, the academia-industry links, the importance of the invention, number of novelties generated, technological scope and technological collaboration with other institutions or firms, as the factors which characterize the inventive activity, could have an impact on the propensity of researchers to become inventors. We take in account the various studies made using the micro data of the patents.
The model is expressed in the following equation:
Where: pip = propensity of SNI researcher to become inventor of university or institution patents β 0 = Constant x 3 = Ensemble of nature inventive factors ε = Error term.
The independent variables x 3 of the nature of invention factors are:
i) tech_scope = Technological scope, measured by the number technological classes where the patent is involved Maldonado, Guzmán y Peredo, 2015) .
ii) tech_collab = Technological collaboration. We use as a proxy variable the co-patent. It is a dummy variable, 1 when the co-patent is property of two or more institutions or 0 when the patent is there is not co-patent. (Urraca, 2005; Guzmán, Acatitla y Vázquez, 2016) .
iii) claims = Invention scope. We use as variable the number of novelties in the patent generated and recognized as claims. This numerical variable is associated to: the diffusion of national practices; the complexity of research activities; the emergence of new sectors, and the patent strategies (Guellec, van Pottelsberghe and van Zeebroeck, 2007) .
iv) ForwPatCit = Importance of the patent. We use as a proxy variable the forward patent citation (FwPatCit) , that is, the number of citation received by the patent (Nuñez and Pedroza, 2011; Morales y Sifontes, 2011; Guzmán, Acatitla y Maldonado, 2015) .
By considering the previous explanation, the specification of the model is expressed as follows:
In order to prevent the heteroscedasticity, we estimated with standard errors. 
Outcomes
The outcomes confirm positively the hypothesis we set out. Every independent variable considered in this model is statistical significant at 95%. Therefore, the factors identified as the nature of invention developed by the SNI researchers in each patent granted to Mexican universities or research institutes: the technological amplitude (tech_scope), the technological collaboration (tech_collab), the invention scope (claims) and, importance of the patent (ForwPatCit) have a positive influence on the propensity of the SNI researchers to become inventors of patents of their universities or institutes (pip).
The technological amplitude has been analyzed as generally index (IGT) (Trajtenberg, Jaffe and Henderson, 1997) to confirm the spreading of nanotechnologies in various technological fields.
13 It suggests the researcher teams of different scientific fields could foster the pip. Also the technological collaboration seems to affect positively (coefficient 0.00228). As the researcher have research projects with other institutions or universities or firms, the propensity to become inventors in joint patent increases.
In turn, the variable invention scope (claims) which coefficient is 0.00012 affects positively the pip. Taking into account that more claims are associated to the adoption of intellectual property culture, the complexity of research activities, the emergence of new sectors (Guellec, van Pottelsberghe and van Zeebroeck, 2007) , among other reasons, when the university or institution is involved in an innovation environment, the academic researchers could be stimulated to be part of the inventive activities.
Finally, forw_pat is a variable that indicates the importance of the patent by the number of citations received by for subsequent patents.
In this second model the R2 is: 0.92; so, it seems able to explain how the dependent variable (PIP) could change when there is a marginal increase of the independent variables, by the fact all of them are statistical significant. where express the percent of forward citation make to patent i belonging to class j, among the group n1 of patent classes. When IGT is equal o near to 1, it means that the patent i has a wide impact in other technological sectors. In the opposite, when IGT is near to 0 means that patent i has not a wide impact in other technological sectors.
Factors affecting the productivity of the academic inventor
Once we have tested our hypothesis about the individual, institutional and the invention nature factors that have influence on the propensity of SNI academic researcher to become inventors in patents of their institutions, we proceed to ask for which factors would affect the productivity of the SNI academic researchers. To that effect, we propose a third econometric model.
Third econometric model: the productivity of the academic inventors
We aim to test the following hypothesis: the productivity of the SNI researchers inventors, specified as two probabilities, is positively associated to the age, SNI level, scientific research field, number of PhD programs of each institution, invention scope and technological collaboration; and negatively associated to the square age.
This model takes into account the micro database of USPTO patents granted to Mexican universities and institutes and the individual and institutional data of the inventors, which also are SNI researchers.
We propose a logit model, where we look for finding the relation between the productivity of the SNI academic inventors, dependent variable and some individual, institutional and nature invention factor as independent variables. 14 The logit model is specified in the following equation:
Where: pat logit = dependent binary variable. This is a characteristic of the logit models, allowing the classification of the dependent variable in two categories in order to compare the probabilities in two groups. This variable binary which is expressed as: 0 = when the SNI researchers have participated as inventors in one patent and 1 = when the SNI researchers have participated as inventors in two or more patents. β 0 to β 6 to = constant;
The independent variables are selected from the individual, institutional and of the nature of productivity that could favor the inventive productivity or the SNI researchers of universities and research institutions, The independent variables are specified like in the previous models, with the exception of scient_resear_area.
Where: i. age = the age average of the researchers-inventors linked to the date when the patents were granted.
ii. square age = the researcher-inventor age square.
iii. sni 2013 = SNI level of academic researchers in 2013. iv. scient_resear_area = the scientific research area, where the SNI researcher has been classified by Conacyt, according his academic specialization. We are considering five areas: 1) Physics-mathematics and Earth Sciences; 2) Biology and Chemistry; 3) Medicine and Health Sciences; 6) Biotechnology and Agricultural Sciences; and 7) Engineering. We expect that the scientific research area of the researcher will influence positively the likelihood in participating as inventor either in one institutional patent, either in two or more institutional patents.
v. PhD_pncp = number of PhD programs of each institution in the 1,2,3,4, and 7 areas recognized by Conacyt by their academic quality recognized by the PNCP-(Quality Mexican Group of PhD).
vi. claims = invention scope vii. tech_collab = technological collaboration
Outcomes
According to the outcomes in this model we confirm partially our hypothesis about the factors affecting the productivity of the inventors and SNI researchers. The econometrical estimations show a significant correlation of four variables, meanwhile three variables are not statistical significant. From four individual variables selected in this model, only two have a influence in the inventors' productivity: the age and the square_age, the first in a positive sense and the second in a negative way. Also the two variables of nature invention selected: claims and tech_collab, they are positively affecting our dependent variable (pat logit ). But, other individual variables selected as: sni 2013 and scient_resear_area are not associated with the inventor productivity and neither the institutional variable: PhD prog_pnpc, by the fact were not statistically significant.
The age variable was statistically significant (p-value 0.002). Its odd ratios (15.890) suggest that a younger inventor will increase his productivity at times goes in; there is a research path that will mature his scientific and technological knowledge allowing the possibility to develop new ideas. One more year of age in average of the SNI researcher-inventor will impact positively the probability of inventor productivity in 44.14 perceptual points. But, when he gets older (the case of square_age), the odd ratio indicates the probability to participate, as inventor in one more patent grows 0.970 times. By considering that the coefficient is < 1, the dependent variable decreases. Therefore, when the academic inventor gets oldest the probability to participate in other patent decreases in -0.48. In that sense, we confirm our particular hypothesis.
Concerning the technological collaboration -tech_collab-is also statistically significant (p-value 0.001). Its odd ratio indicates that the probability of have more than one patent increases 13.64 times in relation with those that do not have technological collaboration, measured by the co-patents. The logarithm of inventor productivity probability (pat logit ) gets bigger 2.193 perceptual points.
In turn, the invention scope (claims) that is to say the number of novelties in the patent, as we set out, it has a positive influence on the dependent variable, having a statistical significance (p-value 0.007). When there is an additional claim, according to the marginal effect, the pat logit will increases 18.4 perceptual points.
The level of SNI researchers-inventors has not significance for the probability of increasing patents (p-value 0.94). Probably, this variable is itself an indicator of productivity, therefore in this model has not the impact expected. But also, among the researchers is not been extended the patents culture and they are still more concentrated in publishing articles and books, as is heighted by the CONACYT SNI evaluation. Moreover, the scient_resear_area is not associated too with the inventor productivity (p-value 0.29). Even if the scientific specialization of the SNI researcher could be crucial for development of new technological knowledge, there are some new paradigms which need researchers teams with a multidisciplinary participation; that is to say, a cognitive convergence.
Finally, PhD prog_pnpc, institutional variable has not a statistical significance (p-value 0). It has not an impact in the inventor productivity, although the joint research with PhD students could be important to develop new ideas. It suggests, to consider another variable more adequate, probably, the number of PhD students or the research projects with financial support of the own institution or other more.
All these variables are statistically significant at 5%. This model was statistical consistent, in the measure that the R2 McFadden is 0.575. The right binary classification of 0 and 1 is of 90.09%. Table 8 Outcomes of factors affecting the productivity of SNI researchers inventors
Conclusions
The econometric model used has corroborated the hypothesis in the sense that the propensity of SNI researchers to participate in the inventions patented by their institutions is marginal (0.76%), but is higher when they belong to institutions that protect their technological innovations through patents.
Second, it has been identified that this propensity is associated with: the age and SNI level of the researchers, as personal factors; to the size of the institution and the number of doctoral programs in the PNPC, as institutional factors and, finally, the significance of the invention (measured by the number of patent citations received), the number of innovations generated (measured by the number of claims made in patents) and the technological breadth (measured by the number of technological classes), as factors of the research nature.
In relation to the individual factors of researchers that influence the propensity of inventors to participate in inventive activity, only age and SNI level was incorporated, which reflect the researcher's career, level of education, quality of the research conducted, seniority in the institution of affiliation and gender, although business skills and the number of publications were not taken into account.
Other institutional factors that may influence the propensity of researchers to participate in inventive activities patented by the institution considered in the literature, such as the budget or financing of the institution, the strength of the intellectual property rights, the incentive system for encouraging productivity among researchers, were not included in our model out of lack of standardized information which could have been used to strengthen the estimate model. This constitutes a challenge for future research.
Lastly, access to complete information from the Mexican Institute of Intellectual Property (IMPI) could be of great help to broaden the study and quite possibly uncover new evidence.
In order to learn the magnitude of the effect of the factors that influence the propensity of SNI researchers to take part in the innovations patented by their institutions, the elasticity was estimated of the dependent variable compared to the marginal change in the independent variables. Thus, a change in SNI level increases the participation of the SNI researcher in patent matters. The propensity to patent reaches a maximum at the age of 50.11 years. A one hundredth increase in the propensity of the university to patent increases the SNI researcher's propensity to patent by nine hundredths of one patent. An increase in the number of SNI researchers in institutions will contribute to fostering and consolidating research groups, which, in turn, will encourage the creation of more patents in institutes. If the patent the researcher was involved in as an inventor is granted in an additional technological class, then the propensity of the researcher to develop innovations for his or her institution increases by nearly a quarter of one patent. The greater the collaboration between institutions will increase patenting by a third of one patent for each additional institute that collaborates.
Other variables that turned out to be statistically insignificant are: the gender variable, replaced by the variable of mixed teams and the existence of TTO in universities or institutes. This first case may be due to the fact that the participation of women is greatly reduced. The second case however, reveals an almost complete lack of TTO in institutions.
According to these results, C&T policies should be aimed at encouraging more, younger researchers to join the SNI, standardization of intellectual property in the country's institutions, greater participation in technological research fields and growing the collaboration between institutions to help increase the number of inventor researchers.
Concerning the SNI -researcher-inventor productivity, we confirm partially our hypothesis. The age and the square age have influence in the inventors' productivity, the first in a positive sense and the second in a negative. Also the two variables of nature invention selected: the invention scope (claims) and technological collaborations (co-patents, as a proxy variable) are positively affecting our dependent variable (pat logit ). The magnitude of their effects must be considered for new policies to foster the productivity of the SNI researcher-inventors. Nevertheless, the level of SNI researcher (sni 2013 ) and the scientific area of the SNI researcherinventor (scient_resear_area) are not associated with the inventor productivity and neither the institutional variable number of PhD programs qualified by Conacyt PhD prog_pnpc.
We remain with the challenge to improve the indicators that could explain in a better way how different factors could affect the productivity of the academic inventors, expecting that the research sector in Mexico favors the innovation in the industrial and service sectors, consequently, the industrial productivity and economical growth and the well-being of the population.
